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(57) ABSTRACT

A capacitive ultrasonic transducer includes a sensor head
having a back plate, the structured front side of which 1s
provided with an 1mnsulation layer, and the back side of which
1s provided with an electrode. In order to achieve an
improved construction by means of which increased tem-
perature resistance up to several hundred degrees Celsius
can be achieved even 1n strongly oxidizing and reducing
media, the membrane provided as a sound generator 1s
subjected to tensile stress 1n a planar direction.
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1
CAPACITIVE ULTRASONIC TRANSDUCER

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to a capacitive ultrasonic transducer
which includes a sensor head having a back plate, the
structured front side of which 1s provided with an insulating
layer and the back side of which 1s provided with an
clectrode.

The Prior Art

Today, mainly two types of ultrasonic sensors are used for
applications in the air or 1n gas environments. These are
piezo-ceramic and/or capacitive ultrasonic sensors. Apart
from the differences 1n the functional principle and the
acoustic characteristic, both types can only be used at
moderate temperatures and for non-aggressive media.

There are definitely applications with higher temperatures
in which up to now no measurement technology could be
used, e.g., 1 the development of internal combustion
engines. Depending on the operating state and the position
of the flow sensor 1n the exhaust gas system, the exhaust gas
temperatures 1n this case can range from —-40° C. (e.g., cold
start of the engine 1n the climatic chamber) up to approxi-
mately 1000° C. Important 1s also the fact that the exhaust
gas temperature ol an internal combustion engine can
change rapidly and significantly, e.g., during the load change
from engine operation at full load into towing operation. The
sensor system used shall be able to withstand this extreme
variation in thermal load.

The piezoceramic ultrasonic sensors (latest developments
are published, for example, 1n DE 10040344, DE 4434692,

DE 102006026674, DE 102008027970, DE 102009032809
and DE 202004002107) can only be used at temperatures
below 350° C. This limitation results from the Curie tem-
perature of the piezo crystals used, which lose their piezo-
clectric properties after exceeding said temperature. The
permanent variations in thermal load can result 1n material
tatigue 1n these sensors (permanent destruction of the piezo
crystals).

Also, conventional capacitive ultrasonic transducers do
not have the desired temperature resistance. Their metal-
coated membrane stretched over an electrically conductive
substrate forms at the same time the insulation layer of an
clectrical capacitance, wherein the plastic films or mem-
branes from silicon nitride that are usually used as dielectric
membrane material cannot meet the temperature require-
ments, as explained, for example, in D. A. Hutchins, D. W.
Schindel, A. G. Bashiord, and W. M. D. Wright, “Advances
in ultrasonic electrostatic transduction”, Elsevier Ultrason-
ics, Vol. 36, 1998. Also, when using purely metallic mem-
branes, oxidation occurs already at temperatures above 300°
C., which, due to the low material thickness of a transducer
membrane, results 1 the rapid destruction of said mem-
brane.

In addition to the thermal resistance of the membrane, the
thermal resistances of the usual insulation layers and the
clectrodes are also not high enough. The high temperature
promotes, among other things, electrical disruptive dis-
charges 1n the insulation layer, which result 1n permanent
destruction of the sensors. The reason for this i1s the tem-
perature-related restructuring or recrystallization of the insu-
lation layer. In the case of the back electrode, the diffusion
of the metal layer into the silicon crystal 1s accelerated by the
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high temperature. After a certain time, this results in the
complete disappearance of the electrode. Due to the poor

adaptation of the thermal expansion coeflicient during the
varying thermal load, chipping of the insulation layer from
the carrier material occurs or the membrane 1s pulled out of
the sensor housing, which means destruction of the sensor.

The object of the invention 1s an improved construction of
an ultrasonic transducer by means of which increased tem-
perature resistance of up to several hundred degrees Celsius
can be achieved even 1n strongly oxidizing and reducing
media.

SUMMARY OF THE INVENTION

In order to achieve this object, the transducer 1s charac-
terized according to the mvention in that the membrane 1s
subjected to a tensile stress 1n the planar direction.

According to a first embodiment, the membrane 1s pressed
in between two rings.

In contrast, an alternative embodiment 1s characterized in
that the membrane 1s welded to at least one ring.

Advantageously, 1t 1s provided that the material of the
membrane 1s selected from the group N1—Cr alloys, auste-
nitic steels, ferritic steels or “super alloys”.

It 1s 1n particular of advantage 11 the membrane consists of
a material with a chromium content of at least 16% and an
aluminum content of at least 1%.

For achieving the aforementioned object, an embodiment
1s also suitable 1n which the insulation layer consists of a
material having an amorphous structure.

It 1s preferably provided here that the insulation layer
consists of a plurality of amorphous layers.

The atorementioned object 1s also achieved by the fea-
tures according to the imvention that the back electrode has
a multi-layered structure, wherein at least one layer forms a
diffusion barrier to the base material of the back plate, and
the surface layer consists of platinum.

Advantageously, 1t 1s Turther provided that the sensor head
1s designed as an assembly that can be replaced indepen-
dently of the remaining ultrasonic transducer.

An advantageous embodiment of the ultrasonic trans-
ducer according to the mvention i1s characterized 1n that a
heating device for the sound-radiating surface 1s provided.

A further advantageous embodiment of the ultrasonic
transducer 1s characterized in that the regions above and
below the membrane are connected by channels within the
transducer.

Here, advantageously, filters are provided 1n said chan-
nels.

A further feature of the mnvention can be that contacting
the back plate of the sensor head 1s carried out by a
spring-loaded pin.

Here, advantageously, a metallic intermediate plate 1s
inserted between the pin and the back plate.

By means of the above features and the specific material
selection, a temperature resistance of up to several hundred
degrees Celsius can be achieved even 1n strongly oxidizing
and reducing media. In the lower temperature range, the
functionality of the transducer 1s ensured by the use of the
transducer heater for avoiding condensate formation. Due to
these special properties, the ultrasonic transducer can be
used wherever conventional technologies that are available
on the market find their limits. An example for this can be
ultrasonic flowmeters for process control in the chemical
industry or food industry, sensors that are used for precise
gas volume measurements ofl shore and in pipelines, or also
in the development of internal combustion engines.




US 9,816,854 B2

3

In the following description, the invention 1s to be
explained 1n more detail by way of example and with
reference to the accompanying drawings of preferred exem-
plary embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a section through a first embodiment of an
ultrasonic transducer according to the invention,

FIG. 2 1s a perspective view ol an embodiment according
to the mvention of a pretensioned membrane for such a

transducer, and
FIG. 3 shows a section through another embodiment of
the 1nventive ultrasonic transducer.

DEPICTED

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The ultrasonic transducer 1llustrated below 1s character-
1zed by 1ts excellent temperature-, oxidation- and corrosion-
resistance and has been developed for a wide range of fields
ol application with high mechanical, thermal and chemical
loads. As can be seen 1n FIG. 1, the sensor head consists of
an upper housing part 1 and a lower housing part 2, wherein
both parts 1, 2 can be screwed together, or, optionally, can
also be connected to one another 1n a different manner. A
back plate 3 has a front side with a structured insulation
layer 4, and a back electrode 5 that 1s applied onto the back
side. Here, the insulation layer 4 1s made of a material
having an amorphous structure, and as seen in the embodi-
ment of FIG. 3, 1t can include amorphous layers 4a, 45 and
dc. Also as seen 1n the embodiment of FIG. 3, the back
clectrode 5 1tself can also have a multi-layered structure 5a,
5b and 3¢, wherein at least one layer forms a diffusion
barrier to the base material of the back plate 3, and a surface
layer made of platinum can be provided.

The membrane 6 of the ultrasonic transducer according to
the invention 1s secured in a stretching ring 7, as 1s also
shown i FIG. 2. Through this kind of stretching of the
membrane 6, the membrane can be subjected to tensile stress
in the planar direction. Specifically, for example, two rings
can be provided in-between of which the membrane 6 is
pressed (see rings 7a and 75 1n FIG. 3), or as shown by weld
w 1n FIG. 2, membrane 6 can be welded to at least one ring
7. The membrane will typically be made of an N1—Cr alloy,
an austenitic steel, a ferritic steel or a “super alloy”, wherein
advantageously, the chromium content will be at least 16%
and the alumimum content will be at least 1%.

In order to avoid condensation during the operation at low
temperatures, a heating device 8 1s provided that surrounds
the upper housing part 1 of the ultrasonic transducer and
keeps 1n particular the sound-radiating surface at the desired
temperature.

Channels 9, preferably comprising filters 10, for connect-
ing the regions above and below the membrane 6 are
provided both in the housing, 1n particular i the lower
housing part 2, and 1n rear contacting plate 12 on the back
side of the back plate 3 and the back eclectrode 5. A
spring-loaded pin 11 rests against the contacting plate 12 so
as to carry out the contacting of the back plate 3 of the sensor
head.

Advantageously, the sensor head 1s designed as an assem-
bly that can be replaced independently of the remaiming
ultrasonic transducer.
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The mnvention claimed 1s:

1. A capacitive ultrasonic transducer comprising a sensor
including a back plate providing front and back surfaces, a
structured msulating layer on said front surface, a membrane
forming a sound generator positioned on said structured
insulating layer, means for stretching the membrane 1n a
planar direction, and an electrode on said back surface, said
clectrode including a first layer that forms a diflusion barrier
to material of the back plate, and an exposed second layer
consisting of platinum.

2. The ultrasonic transducer according to claim 1, wherein
the means for stretching the membrane comprises two rings.

3. The ultrasonic transducer according to claim 1, wherein
the means for stretching the membrane comprises a ring to
which the membrane 1s welded.

4. The ultrasonic transducer according to claim 1, wherein
the membrane consists of a N1—Cr alloys, austenitic steels,
territic steels or “super alloys™.

5. The ultrasonic transducer according to claim 4, wherein
the membrane consists of a maternial having a chromium
content of at least 16% and an aluminum content of at least
1%.

6. The ultrasonic transducer according to claim 1, wherein
the 1msulation layer consists of a material having an amor-
phous structure.

7. The ultrasonic transducer according to claim 6, wherein
the insulation layer consists of a plurality of amorphous
layers.

8. The ultrasonic transducer according to claim 1, includ-
ing a heating device for the membrane.

9. The ultrasonic transducer according to claim 1, includ-
ing a housing for supporting the sensor head, the housing
having channels for providing communication between
regions on opposite sides of the membrane.

10. The ultrasonic transducer according to claim 9,
including filters for the channels.

11. The ultrasonic transducer according to claim 1,
wherein contacting the back plate of the sensor head 1s
carried out via a spring-loaded pin.

12. The ultrasonic transducer according to claim 11,
including a metallic intermediate plate between the pin and
the back plate.

13. A capacitive ultrasonic transducer comprising a sensor
head including a back plate providing front and back sur-
faces, a structured insulating layer on said front surface, an
clectrode on said back surface, a membrane forming a sound
generator positioned on said structured insulating laver,
means for stretching the membrane 1n a planar direction, and
a heating device for heating the membrane.

14. The ultrasonic transducer according to claim 13,
wherein the back electrode has a multi-layered structure,
wherein at least one layer forms a diffusion barrier to the
base material of the back plate, and a surface layer consists
of platinum.

15. A capacitive ultrasonic transducer comprising a sensor
head including a back plate providing front and back sur-
faces; a structured insulating layer on said front surface; a
membrane forming a sound generator positioned on said
structured insulating layer; means for stretching the mem-
brane i1n a planar direction; an electrode on said back
surface; a housing supporting said sensor head; said housing,
including channels for providing communication between
regions on opposite sides of the membrane, and filters for the
channels.
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